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AUTOMATED PEPTIDE DESIGN AND SYNTHESIS 

BACKGROUND OF THE INVENTION 
Solid-phase chemical peptide synthesis methods 
have been known in the art since the early 1960 's 

5 (Merrifield, . R*B. , J« Am> Chem. Soc . , 85 , 2149-2154 

(1963) (See also Stewart, J.M. and Young, J.D., Solid 
Phase Peptide Synthesis , 2 ed.. Pierce Chemical Co., 
Rockford, 111., pp. 11-12)) and have recently been 
employed in commercially available laboratory peptide 

10 design and synthesis kits (Cambridge Research Bio- 
chemicals). Such commercially available laboratory kits 
have generally utilized the teachings of H.M. Geysen et 
al, Proc. Natl. Acad. Sci., USA , 81, 3998 (1984) and 
provide for synthesizing peptides upon the tips of a 

15 multitude of "rods" or "pins" all of which are connected 
to a single plate. When such a system is utilized, a 
plate of rods or pins is inverted and inserted into a 
second plate of corresponding wells or reservoirs, which 
contain solutions for attaching or anchoring an appro- 

20 priate amino acid to the pin's or rod's tips. By repeat- 
ing such a process step, i.e., inverting and inserting 
the rod's and pin's tips into appropriate solutions, 
amino acids are built into desired peptides. 

While the above rod or pin system can be 

25 extremely efficient in preparing peptides (Geysen, H.M. 
et al, J. Immunol. Methods , 102, 259-274 (1987)) it can- 
not be easily automated, since the plate which holds the 
rods or pins must be repeatedly inverted and inserted 
into wells or reservoirs of desired solutions. The auto- 

30 mation of such a process step (inversion and insertion) 
would not only be considered difficult, but is also so 
specialized as to preclude the use of general laboratory 
equipment, to perform such a step. It is for such 
reasons that the prior art method of peptide synthesis on 

35 rod or pin tips is performed manually. Manual peptide 
synthesis, of course, requires that lab personnel be 
present throughout peptide synthesis, and as such, the 
prior art: teachings of protein synthesis utilizing rod or 
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pin technology burdens laboratories by requiring that 
personnel be present when .peptide synthesis is to be 
performed . 

SUMMARY OF. THE INVENTION 
5 A first object of the present invention was to 

remove the necessity for an inversion and insertion step 
in a laboratory peptide synthesis method, such a step 
being required with known "rod" or "pin" peptide syn- 
thesis technology and such a step being considered a 
10 hindrance to the automation of a laboratory peptide syn- 
thesis method. 

A second object of the present invention was to 
provide for an automated peptide synthesis method which 
. could be performed on a general , readily available, 
15 laboratoiY work station, and thus not force laboratories 
to spend large capital sums for specialized laboratory 
equipment, capable of performing only a single 
specialized task, i.e., automated peptide synthesis. 

A third object of the present invention was to 
20 provide for stable amino acid solutions capable of being 
prepared in advance and stored for prolonged periods of 
time prior to utilization in automated peptide synthesis 
methods; thus further alleviating burdens on laboratory 
personnel, by removing any need for preparing such solu- 
25 tions immediately prior to protein synthesis. 

A f o\irth object of the present invention was to 
provide an automated method applicable to. the automation 
of a Biomek 1000™ general laboratory workstation so that 
the same could be utilized to perform an automated 
30 peptide synthesis. 

In view of the above objects, I provide for the 

following: 

1. A solvent resistant substrate having one or 
more reservoirs therein, wherein each of said reseinroirs 
35 opens on a single surface of said substrate, and wherein 
at least a portion of an interior, inward facing, surface 
of at least one of the reservoirs in said substrate has 
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been activated for the anchoring of a carboxyl terminal 
amino acid thereto. 

2. The solvent resistant substrate recited in 
paragraph (1), wherein the substrate is selected from one 

5 of the following: a polyolefin svibstrate, -a glass sub- 
strate, a DELRIN substrate ^ a Costar TPX substrate. 

3. The solvent resistant substrate as recited 
in paragraph ( 1 ) , wherein said substrate is in a micro- 
ti ter format* 

10 4 . The solvent resistant substrate recited in 

paragraph (1), wherein the substrate is a polyolefinic 
substrate, which has been activated by reacting sequen- 
tially with: (1) nitric acid at room temperature or at 
an elevated temperature; (2) with a carbonyldiimidazole; 

15 and (3) with a polyamine. 

5. A process for the solid phase chemical 
synthesis of peptides, which process comprises the steps 
of: 

(a) obtaining a solvent resistant sub- 
2 0 s trate having one or more reservoirs 

therein, wherein each of said reser- 
voirs opens on a single svirface of 
said substrate, and wherein at least a 
portion of an interior, inward facing, 
25 surface of one or more reservoirs 

therein has been activated for the 
anchoring of a protected carboxyl 
terminal amino acid thereto; 

(b) anchoring a first protected carboxyl 
30 terminal ainino acid to said activated 

sites on said interior, inwardly fac- 
ing, surfaces of said reservoirs; 

(c) deprotecting the .protected carboxyl 
terminal amino acid at the a-amino 

35 position of said amino acid; 

X'd) connecting second protected carboxyl 
terminal amino acids to the amine 
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formed in step (c); and 
(e) sequentially repeating steps (c) and 
(d). 

6. The process as recited in paragraph (5)/ 
wherein said solvent resistant substrate is the solvent 
resistant substrate recited in paragraph (4). 

7. The process as recited in paragraph (5), 
wherein said solvent resistant substrate is selected from 
the following: a polyolefinic stibstrate, a glass sub- 
strate, a DELRIN substrate or a COSTAR TPX substrate • 

8. The process as recited in paragraph (5), 
wherein said first or second protected carboxyl terminal 
amino acid is an amino acid, having its a -amino group 
blocked by a protecting group selected from : 9- 

15 f luorenyl-methoxy-carbonyl , 2- ( 4-biphenylyl ) -propyl ( 2 ) 
03cycarbonyl, 2"phenyl-propyl(2)-oxycarbonyl or t-butoxy- 
carbonyl . 

9. The process as recited in paragraph (5), 
wherein said protected carboxyl terminal amino acid has 

20 its a-amino group blocked by a 9-f luorenyl-methoxycar- 
bonyl protecting group, 

10. The process as recited in paragraph (5), 
wherein said solvent resistant substrate is in a micro- 
titer format, and said process is automated. 
25 .11. A method for automating the process, as 

recited in paragraph (5), on a Beckman Biomek 1000™ 
^.laboratory workstation. 

12. A stable solution for storing protected 
amino acid intermediates, at a temperature of about at 
30 most -20**C, which solution comprises: 

(a) a protected carboxyl terminal amino 
acid, preferably in the amount of 0.1 
It to 1.0 M, more preferably in an 
amount of 0.2 M to 0.5 M; and 
35 (b) hydroxybenzotriazole, pentafluoro- 

phenol, or any other weakly acidic 
compound which can form a subsequent . 
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active ester with said amino acid, 
preferably in the amoiint of 0.1 M to 
1,0 M, more preferably in an amount of 
0.2 M to 0.5 M; 

5 in a solvent having hydrogen bond donor and/or accepting 
properties, in which derivative amino acids are freely 
solvible and stable, and preferably which can solvate long 
peptide product chains. 

13. A process for forming an activated amino 

10 acid intermediate, for immediate use (within about 24 
hr. ) in the mcuiual or automated synthesis of peptides, 
which process comprises the steps of: 

Step (a) storing for up to more than 3 
months, at a temperature of about at most -20°C, a solu- 

15 tion which comprises: 

(1) a protected carboxyl terminal amino 
acid ; and 

(2) a weakly acidic compotind which can 
form a subsequent active ester with 

20 said amino acid (e.g., hydroxybenzo- 

triazole or pentaf lurophenyl) ; 
in a suitable solvent having hydrogen bond donor and/or 
accepting properties, in which derivative amino acids are 
freely soluble and stable, and preferably which can sol- 

25 vate long 'peptide product chains; emd 

Step (b) adding a condensation agent, 
preferably in an equimolar amount or in a 10-30% excess 
thereof, based on the amount of amino acid present, to at 
least a portion of said solution from step (a), within 

30 about 24 hours of beginning a manual or automated peptide 
synthesis utilizing said portion of said solution. 

In order to remove any vagueness which may exist 
as to the meaning of certain terms utilized herein, the 
following glossary of terms is provided. The same 

35 glossary, however, should not be considered to unduly 
limit the present invention, inasmuch as many of the 
terms utilized may have additional meanings or equiva- 
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lents, readily understood by those skilled in the art. 

The term "solvent resistant substrate" as used 
herein, means a substrate which is insoluble and inert to 
solvents commonly utilized in the synthesis of peptides; 
5 and which also allows for the eventual anchoring or 
attachment of a peptide thereto. Such substrates would 
include, for example, polyolefins such as polyethylene 
and polypropylene, glass, DELRIN (a linear polyoxy- 
methylene-type acetyl resin), and Cos tar TPX (poly- 
10 methypentene) . If there exist a doubt as to whether or 
not a particular substrate is acceptable to utilize 
herein, it should be at least insoluble and inert to the 
following solvents, which are normally used in peptide 
synthesis: dimethyl -formamide, methylene chloride and N- 
15 methyl-2-pyrrolidone and trifuoroacetic acid, and yet 
still be capable of being activated for the attachment of 
a peptide thereto. Examples of substrates excluded here- 
from include, for example, polystyrene, polyvinyl 
chloride and* TEFLON. 
2° The term "reservoir" as used therein means an 

indentation, impression, cavity, sunken area or the like, 
in a solvent resistant substrate, wherein the indenta- 
tion, etc., is capable of receiving and holding an appro- 
priate quantity of a desired solution. The term is also 
25 meant to include those reservoirs having a portion of 
their inward surface as a filter type surface, for exam- 
ple, a bottom surface could be a filter ' through which 
liquids could be removed when desired. The term is also 
meant to include substrates having the configuration of a 
tube, capable of holding a volume of solution. 

The term ''interior, inward* facing, surface" as 
utilized herein means surfaces of a reservoir, which come 
in contact with solutions placed in reservoirs, e.g., 
sidewalls, bottom, etc. 
35 The term "protected carboxyl terminal amino 

acid" as utilized herein, means an amino acid selected 
from glycine, alanine, valine, isoleucine, leucine. 



30 
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serine, threonine, proline, aspartic acid, glutamic acid, 
lysine, arginine, asparagine, glutamine, cysteine, 
methionine , tryptophan , phenylalanine , tyrosine , or 
histidine, wherein the a-amino groups of the same amino 
5 acids have been blocked by a suitable protecting group 
selected from 9-f.iuorenyl-methoxycarbonyl, 2-phenyl- 
propyl (2) oxycarbonyl t-butoxycarbonyl , or the like, and 
wherein side chain functional groups on the amino acids 
are blocked with protecting groups such as t-butyl 
10 trityl, and BOC-based derivatives. 

The term "protected carboxyl terminal amino 
acid" means protected carboxyl terminal amino acids, as 
defined herein, but also having left-hand chirality. 

The term "polyolef in" as used herein means poly- 
15. ethylene, polypropylene and the like. 

The term "TEFLON" as used herein is a trade- 
marked name for polytetraf luoroethylene . 

The term "DELRIN" as used herein, is a trade- 
marked name for a linear polyoxymethylene-type acetyl 
resin, made by the copolymerization of formaldehyde, the 
same having a high strength and solvent resistance; mp 
180°C. 

The term "Cos tar TPX'^ as used herein, is a 
trademarked name for olymethypentene . 
25 The term "elevated temperature" as used herein, 

means a temperature of about 90-100 **C, more or less, at 
which carboxyl groups can be generated on a solvent 
resistant stibstrate' when utilizing nitric acid or the 
like to oxidize at least a portion of interior, inward 
facing surfaces of reservoirs contained in the substrate. 

The term "polyamine" as utilized herein, means 
an organic molecule having 2 or more amine groups 
thereon. Examples of such compounds include poly- 
ethyleneimine, polypropyleneimine, and the like. 
35 The term "microtiter format" as used herein 

means multiwell microtiter plates, breakaway microtiter 
wells, strip microtiter.- wells, and test tube racks 



20 
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containing test tubes or cryovials. 

The term "condensing agent" as used herein means 
a compoxind capable of activating carboxyl groups on amino 
acids so that the hydroxyl substituent of the carboxyl 

5 moiety of the amino acid is displaced and a carboxylic 
acid ester formed via a condensation reaction* Suitable 
condensation agents include cyanamide and associated 
derivatives thereof (e.g., cyclohexylcarbodiimide) as 
well as Castro's reagent, or the like. 

10 The term "active ester intermediate" as used 

herein means the amino acid carboxyl esters formed with 
HOBT, pentafluorophenyl or the like (e.g., other weakly 
acetic compounds which can form a subsequent "active 
ester intermediate" with an cimino acid) . 

15 The term "tertiary amine" as used herein means 

diisopropylethylamine, triethylamine, trimethylamine and 
the like. 

The term "carbonyldiimidazole" as used herein 
means N,N' -carbonyldiimidazole and associated derivatives 

20 thereof which can react with carboxylic acid groups 
formed on substrates to form an acyl imidazole group on 
the substrates, which in turn can react with a polyamine 
to form an attachment site for a protected carboxyl term- 
inal amino acid. 

25 The following is a list of abbreviations which 

are used herein to aid those desiring to practice" the 
present invention: N-methyl-2-pyrrolidone^ NMP: hydroxy- 
benzotriazole; dimethylf ormamide, DMF; dicyclohexyl- 
carbodiimide, DCC; trif lubroacetic acid, TFA; 4-hydroxy- 

30 methylphenoxy acetic acid, ALH, 4-hydroxyxnethyl-3- 
methoxyphenoxy acetic acid, HALH; 4-hydroxymethylbenzoic 
acid, BLH; 9-f luoroenyl-methoxycarbonyl, FMOC. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will become more fully 

35 understood from the detailed description given below, and 
the accompanying drawings which are given by way of 
illustration only and are not intended to limit the 
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presexit invention, and v/herein: 

Figure 1 illustrates the overall automated 
method used in the present invention; 

Figure 2(a) illustrates a more detailed flow- 
5 chart of the subroutine for adding a protected amino acid 
to the reservoir as represehted by Block A in Figure 1; 

Figure 2(B) illustrates a more detailed flow 
chart of the subroutine for washing and deblocking the 
protected amino acid provided to the reservoir as repre- 
10 sented by Block B in Figure 1; 

Figure 3 is an illustration of the Beckman 
Biomek 1000™ workstation. 

The above-mentioned drawings 1, 2A and 2B will 
be described in detail in the following detailed descrip- 
15 tion. 

DETAILED DESCRIPTION OF THE INVENTION 
Procedures are disclosed herein for both the 
manual and automated design and synthesis of peptides of 
any defined sequence of lengthy wherein the peptides 

20 produced are attached (or anchored) to previously acti- 
vated, interior inward facing surfaces of reservoirs, 
which reservoirs are formed in solvent resistant sub- 
strates. Several preferred embodiments of the present 
invention exist, most principle of these, however, may be 

25 the use of solvent resistant substrates which utilize a 
"microti ter format".. In such an instance, the substrate 
has multiple reservoirs therein, with at . least a portion 
of inward facing reservoir surfaces, suitable for the 
attachment of peptides thereto. 

^0 Even though the term "microtiter format" is used 

herein for discussing a preferred embodiment for solvent 
resistant substrates of the present invention, this is 
not meant to lessen the general applicability of pro- 
cedures disclosed herein, to suitable substrates having 

35 other "formats" than a "microtiter format". This is 
mentioned, because the procedures disclosed herein are as 
applicable to building a peptide in, for example, a 
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- single "test *-.iibe'^ made of a suitable laaterial^ as they 
are building distinct and different peptides in each well 
of a suitable "solvent resistant" microtiter plate sub- 
strate having multiple wells therein. It is also noted 

5 that suitable siibstrates can also have a tube like con- 
figuration wherein peptides are attached to the inward 
surfaces of the tube like configuration. Such a config- 
uration would of course allow for the synthesis of 
peptide by pumping appropriate solutions through the 

10 tubing. It is also noted. that a suitable substrate might 
have a portion thereof being a filter, for example ^ the 
bottom of a reservoir could be a filter disk, made of a 
suitable material, so that liquid reagents could be 
easily removed from a reservoir when desired. 

15 Of the above substrate configurations, all are 

potentially valuable in the present invention, since the 
only principle requirements for a suitcible substrate are 
that the substrate be composed of a suitable solvent 
resistant material, as defined herein, and that one or 

20 more reservoirs exist in the substrate, which reser- 
voir(s) open on a single surface of the substrate, and 
which reservoir (s) have at least a portion of an inter-, 
ior, inward facing surface thereof, activated for the 
attachment (or anchoring) of a protected carboxyl term- 

25 inal amino acid thereto. 

It is also envisioned herein, that one practic- 
ing the present invention, upon realizing the benefits 
associated with attaching peptides to reservoirs, (e.g., 
ease of interacting designed peptides with cells, etc.), 

30 may attach previously formed, but protected, peptides to 
interior, inward facing surfaces of reservoirs formed in 
suitable solvent resistant substrates. Particularly, 
since after attaching or anchoring a previously designed 
peptide to such a surface, one practicing the present 

35 invention could react the attached peptide with an 
unlimited multitude of reagents and materials, utilizing 
the automated methods taught herein. 
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Whether a pep\.ide is built upon, or transferred 
to a surface of a reservoir^ herein taught, it is fully 
expected that a peptide attached to such a reservoir 
surface would be useful in, but not limited to, the 

5 following: rapid screening and determination of B-cell 
and T-cell immunogenic protein sites, creation of syn- 
thetic vaccines, creation of synthetic diagnostic 
reagents, mapping virus-cell receptor sites, mapping of 
monoclonal antibody binding sites, determination of 

10 neutralization sites, localization of protein-cell 
receptor binding sites, stimulation of cells in response 
to active peptides derived from growth factos, neuro- 
peptides, interleukins, selection of cell subsets 
responding to active peptides, and modelling of enzyme 

15 activity. 

Once a suitable substrate, having a reservoir or 
reservoirs therein, has been selected, one desiring to 
practice the present invention must activate at least a 
portion of an interior, inward facing surface of each 

20 reservoir in the substrate, to which he ultimately 
desires to have attached a peptide. In the following 
discussion of means for activating suitable substrates, 
the substrate referred to is a microtiter plate, but the 
methods of activation herein taught are also applicable 

25 to the othfer suitable substrates herein taught. 

In general, a suitable microtiter substrate must 
be chemically activated to provide a functional attach- 
ment site for the building thereon, or connecting there- 
to, of a peptide chain. For example, a suitable three- 

30 step means for introducing an amide functional group on a 
polyolefinic microtiter plate substrate would" include 
oxidation, peroxidation, irradiation or polymer grafting 
of the polyolefinic substrate, to provide carboxyl groups 
thereon, and then reacting the carboxyl groups with a 

35 carbonyldiimidazole to give acyl imidazoles \rtiich are 
reacted with a suitable amine or polyamine, so that an 
amide is formed on the substrate sxirface. 
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It is noted that with the suitable substrates we 
have employed in our Examples herein (polyolef ins) ^ the 
functional groups which are produced on the substrate's 
surface during activation of the substrate is first a 
5 carboxyl group (i.e., -COOH) to which an amine (-NHj) 
group is ultimately attached. But ^ this should in no way 
be interpreted to limit the present invention, inasmuch 
as it is fully envisioned that other methods of producing 
functional groups, and even other functional groups could 

10 be used on the surface of a suitable substrate, to 
activate the same and allow for the ultimate attachment 
thereto of a peptide. For example, on a suitable glass 
sxibstrate there can be introduced an amino containing 
molecule for the eventual attachment of a carboxy term- 

15 inal amino acid, by silanization {e.g., by sinlanizing 
with amino-propyl-triethoxysilane) or by utilizing 
passive absorption technigues so that polymers are 
absorbed \diich contain appropriate functional groups. 

Additionally, polymer grafting and cbpolymeri- 

20 zation techniques can be utilized to provide activated 
substrates, wherein the f\mctional group produced is 
either identical or different from those specifically 
provided herein. This is thought pariclarly true since 
the only real requirement for a suitable functional group 

25 is that it provide means for the anchoring or attachment 
of a carboxyl terminal amino acid chain to the. chosen 
substrate. It should be considered that any of the 
above-discussed methods generally fall within the spirit 
and scope of the present invention. 

30 Even though many different methods can be uti« 

lized to activate a suitable substrate, a simple and 
suitable method employs the oxidation of interior, inward 
facing surfaces of polyolefinic microtiter plate wells 
(e.g. TPX, Costar), or racks of polyolefinic tubes in a 

35 microtiter well format (commercially available from 
numerous vendors) with a suitable oxidizing acid, at a 
suitable temperature ( such as nitric acid, at about 
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90-100°C, for about two hours) to produce carboxyl groups 
on the polyolef inic surfaces with which a carbonyldiimid- 
azole and then a polyamine is reacted, in an appropriate 
solvent (e.g:, N-inethyl-2-pyrrolidone) to generate an 
amine functional group on the substrate for the eventual 
attachment of a peptide thereto. it is also noted that 
one may, if so desired, oxidize polyolef inic surfaces 
with nitric acid at room temperature, but the same is not 
believed preferred since formation or a suitable number 
of carboxyl groups on the polyolefinic substrate can take 
from several days to several weeks to occur. 

Notwithstanding the above exemplary method, the 
use of other methods, or amine forming compounds (e.g., 
active ester intermediates), or even other oxidizing 
15 reagents, should be considered as being fully encompassed 
within the scope of the present invention, so long as the 
desired end is achieved (i.e., activation of the sub- 
strate for attachment of a peptide thereto) . 

It is noted that the functional group utilized 
20 to connect (or anchor) a peptide to a substrate's reser- 
voir surface, must be resistant to chemical attack by 
those agents used to deprotect the a -amino group of the 
"protected carboxy terminal amino acids" herein employed, 
since of course, such a cleavable functional group should 
25 not cleave during deprotection of a -amino groups. It is 
also noted, however, that a suitable functional group 
could also be one that advantageously cleaves when 
desired, so that formed peptide can separate from the 
substrate after, or before, completing scientific testing 
therewith or thereon, or when the same is to be used in a 
soluble form. it is emphasized that while the present 
invention provides for the use of cleavable functional 
groups for attaching peptides to a suitable substrate, 
the same should not be considered required in the methods 
35 provided herein. 

Having activatjed a suitable substrate, so that 
functional sites exist thereon for the attachment of a 



30 
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protected carboxyl terminal amino acid thereto, the next 
step which must be performed, is the attachment of 
carboxyl terminal protected eonino acid groups to such 
functional sites . 

5 Before discussing the same, however, it is noted 

herein that novel solutions are provided which facilitate 
such an attachment step by allowing for the storage of 
solutions of amino acids for up to more them three (3) 
months, so that one desiring to practice the present 

10 invention, either manually or through the automated means 
herein provided, may advantageously avoid repetitive 
preparation of solutions of the twenty different amino 
acids generally used in peptide synthesis (and protected 
derivatives thereof) when peptide synthesis is per- 

15 * formed. The preparation of such solutions are discussed 
below. 

It has been found that by combining the follow-- 
ing: (1) a protected carboxy terminal amino acid; and 
(2) an equimolar amount, or a slight. excess (based on the 

20 amount of amino acid, present ) of either hydroxybenzotri- 
azole, pentaf luorohydroxyphenyl, or any other similar 
weakly acidic compound which can form a subsequent active 
ester with the amino acid, and which possess the ability 
to stabilize an FMOC protecting group, or the like, and 

25 protect it from removal by basic impurities generated 
within the solvents over time; in an appropriate organic 
.-solvent such as dimethylformamide, N-methyl-2-pyrroli- 
done, or the like, in which the derivative amino acids 
are freely soluble, and stable, and which can preferably 

30 solvate long peptide chains , that at a temperature of at 
most about -'2 0*^0 the same solutions have remained stable 
for up to more than three (3) months. 

With regard to the above solutions^ it was found 
in the present invention that while all of the above 

35 solutions remain stable, as desired, it appears that 
those solutions which contain N-methyl-2-pyrrolidone and 
hydroxy-benzotrizole have led to increased efficiency in 
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automated robotic cycles, when compared v/ith those solu- 
tions containing dimethylf ormamide, and pentafluoro- 
phenol- For this reason, it is thought preferred to 
utilize storage solutions containing hydroxybehzotriazole 

5 and N-methyl-2-pyrrolidone if an automated synthesis of 
peptides is to be utilized." 

Having formed any of the above stabilized solu- 
tions of carboxy terminal cimino acids for later synthesis 
of peptides/ an ecpiimolar amount or a slight excess 

10 thereof (10-30%) of an appropriate condensing agent such 
as a carbodiimide (e.g., dicyclohexylcarbodiimide ) must 
be added to the stabilized solutions before the solutions 
can be used to synthesize peptides. By adding an equi- 
molar amount, or slight excess thereof, of such a con- 

15 densing agent, active ester formation occurs in the 
previously stable solutions of the amino acids and weakly 
acidic compounds (such as hydroxybenzotriazole, penta- 
f luorohydroxyphenyl, or the like). A suitable reaction 
solvent for the esterif ication is N-methyl-2-pyrrolidone, 

20 or the like. It is noted that after the activated amino 
acid esters are formed, such solutions will begin to 
degrade, but are usefully stable for at least 24 hours. 
It is noted that such a period of time (24 hours) is more 
than adequate for one skilled in the art to form peptide 

25 chains of about 20 (twenty) amino acid length, with the 
automated techniques taught herein. 

Having discussed suitable siibstrates, activation 
of the same, cind having provided stable solutions for 
sorting axoino acid solutions to be used in the peptide 

30 synthesis methods provided herein, we direct the atten-* 
tion^of those desiring to practice the present invention 
to the synthesis of peptides, and even more particularly 
to the automated synthesis of peptides which utilize the 
siibstrates, and preferably the solutions disclosed above. 

35 The following section details the procedure 

utilized herein -to provide for automation of the peptide 
synthesis method provided herein. Specifically to the 



wo 91/02714 



PCr/US90/04725 



- 16 - 

automated method thereof, and a flow chart representing 
the automated method. The method disclosed below for the 
automated synthesis of proteins can of course be per- 
formed manually if so desired, but with an expected loss 
5 in efficiency. Again, it is noted, that while the 
following discussion is limited to substrates having a 
"microti ter format", the same should not be considered 
limiting to the usefulness of other substrates disclosed 
herein in automated peptide synthesis. The following 
10 section concludes with Examples of peptide synthesis 
utilizing the autoniated methods herein provided. 

Since the simultaneous synthesis of as many as 
96 peptides, same or different, of lengths up to 21 or 
greater in a 96 well (or tube) microtiter plates (or 
15 rack), requires many thousands of pipetting, transfer, 
deblocking and washing steps, we sought to accomplish 
these steps robotically. The requisite characteristics 
of the robot, we determined should be (1) an ability to 
transfer solution from 20 activated amino acid solution 
20 containing reservoirs to the microtiter plate wells (or 
tubes), (2) an ability to deliver deblocking solution to 
microtiter wells /tubes, (3) an ability to deliver washing 
fluid and aspirate from microtiter wells/tubes, (4) ade- 
quate pipetting tools and transfer tips to accomplish the 
25 above, (5.) and an ability to accept information related 
to the sequence of the desired peptides from external 
.user-created files. 

This is accomplished by using a Beckman Biomek 
1000™ automated workstation, since the Beckman Biomek 
30 1000™ workstation allows the use of externally created 
"pattern" files to designate which wells/tubes are to 
receive a transfer from a designated activated amino acid 
reservoir. 

Before utilizing the Beckman Biomek 1000™, 
35 several changes were made to the same,, these changes were 
necessitated as a result of the solvents used in peptide 
synthesis. For example, changes tliat were made included . 
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replacing or modifying certain solvent (NMP) sensitive 
components, including the following; 

(1) the multi-bulk took 0-rings were replaced 
with silicon 0-rings; 

(2) the multi-bulk tool purge tray was 
replaced with one of a similar configura- 
tion fabricated from polyethylene; 

(3) the reservoir trays were replaced with 
reservoirs fabricated from polyethylene; 
and 

(4) silicone pump tubing was required and 
tubing in contact with the peris talic ptmp 
rollers was wrapped with TEFLON tape. 

With the Beckman Biomek 1000^^, for each cycle a total of 
15 20 patterns are needed, since the delivery of a single 

amino acid requires 1 pattern and 20 different amino 

acids can be delivered in a cycle. 

Patterns need to be automated to automatically 

create the synthesis of linear overlapping peptides con- 
20 taining, in aggregate, the entire sequence information 

for any protein of a known sequence . Further sequence 

information is used to create patterns needed for the 

synthesis of arbitrary peptide sequences in desired wells 

or tubes. 

25 Since the Beckman Biomek 1000™ only allows the 

use of 25 patterns at any given time, and 20 patterns are 
needed for each cycle, the robot is required to repeti- 
tively cycle through as many cycles and changes of 
pattern files as are needed to attain the desired peptide 

30 length. This is accomplished by utilizing the following 
method. 

Figure 1 illustrates a flow chart showing the 
overall automated method utilized by the present inven- 
tion in the automatic synthesizing of peptide 
35 sequences. Upon beginning the automated method, the 
present invention initializes various parameters to be 
utilized in the automated method. These parameters may 
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include parameters directed to the name of the amino 
acids to be used and name of the peptide sequence to be 
created- Upon initializing the various parameters, the 
present invention receives inputted information concem- 

5 ing the peptide sequence to be created. This peptide 
sequence may be a known peptide sequence or an arbitrary 
peptide sequence* This allows the present invention to 
synthesize an arbitrary peptide sequence from a list of 
amino acids inputted by a user or to synthesize a known 

10 peptide sequence which has been previously sorted in a 
file when a user indicates a desire to synthesize this 
known peptide sequence. 

Notwithstanding that in the accompanying draw- 
ings it is shown ta proceed to the step of providing 

15 amino acids to the reservoirs after inputting peptide 
information r it is noted that one may optionally apply a 
washing emd deblocking solution to the interior surfaces 
of reservoirs before the introduction into the reservoir 
of a first protected amino acid, and immediately here- 

20 after aspirate the washing and deblocking solutions from 
the reservoir. It is generally felt that such a "pre- 
treatment" of the reservoir's interior surfaces may help 
to ensure that a consistent binding surface is present 
for the initial binding of an amino acid thereto. 

25 After receiving the information concerning the 

desired peptide sequence, the present invention provides 
the first protected amino acid to be used in the synthe- 
sizing of the desired peptide sequence to the 
reservoir. The reservoir provides activated locations 

30 for the actual building (attachment) of the peptide 
sequence. A washing solution and deblocking solution is 
then provided to the reservoir to deblock the a-a^no 
groups of the just recently added and attached protected 
amino acid, and thereby creating a new point of attach- 

35 ment for a carboxyl terminal amino acid. 

Upon completion of the washing and deblocking of 
the recently added amino acid, the present invention 
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determines whether the synthesis of the desired peptide 
sequence has. been achieved. if the synthesis of the 
desired peptide sequence has been achieved, the present 
invention terminates- the automated method. On the other 
hand, if the synthesis of the desired peptide sequence is 
riot complete, the automated method of the present inven- 
tion repeats the adding of protected amino acids and the 
washing and deblocking amino acids steps until the 
desired peptide sequence is achieved. 

To achieve this desired automated method for the 
present invention. Figure 2(A) illustrates a detailed 
flow chart of the step of Figure 1 which adds the pro- 
tected amino acid to the reservoir. In this addition 
step, the reservoir is initially positioned beneath a 
15 pipette to receive the protected amino acid. After posi- 
tioning the reservoir properly under the pipette, the 
present invention determines from the sequence entered by 
the user or sequence previously sorted, the protected 
amino acid to be added to the reservoir. This protected 
amino acid is then obtained by the present invention and 
pipetted into the reservoir. After the pipetting of the 
protected amino acid into the reservoir, the present 
invention changes the tip of the pipette in preparation 
of the addition of a different protected amino acid at 
25 a future time. The automated method of the present 
invention then proceeds to wash and deblock the protected 
amino acid previously provided to the reservoir. 

Figure 2(B) provides a detailed illustration of 
the step in Figure 1 which washes and deblocks the pro- 
tected amino acid provided to the reservoir. In this 
washing and deblocking step, the reservoir is initially 
positioned for aspiration. Upon obtaining the proper 
position, the reservoir is aspirated. In the preferred 
embodiment of the present invention, the aspiration step 
35 is accomplished the Beckman Biomek lOOQ™ multi-bulk 
tool, or a similar tqol, which aspirates the reservoir 
fluid into an evacuated flask in approximately 1 
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minute. The step of aspiration is performed at ambient 
temperature. Even though the above aspiration method is 
preferred, the above aspiration method should not be 
construed to unduly limit the present invention, since 
5 other acceptable means for aspirating the reservoir could 
be used without departing from the scope of the present 
invention. 

After aspiration, the reservoir is again posi- 
tioned for washing and deblocking. After repositioning, 

10 the washing solution is pipetted in the reservoir. In a 
preferred embodiment of the present invention, the wash- 
ing method preferably uses 1-4 washes of about 0.1 to 0.2 
ml each of N-methyl-2-pyrrolidone, or the like, with 
aspiration after each wash. 

15 Following aspiration of the washing solution, 

the present invention pipettes a deblocking solution into 
the reservoir. In a preferred embodiment of the present 
invention, the a -amino protecting group is an FMOC group 
and the same is removed by ammonolysis by utilizing a 

20 deblocking solution which comprises 20% (v/v) piperidine 
in N-methyl-2-pyrrolidone. It is noted that such a 
deblocking solution can deblock the FMOC protected 
^amino groups , without cleaving the peptide from the 
siibstrate to which it is attached or removing side chain 

25 protecting groups on the amino acids which must be 
rCTioved by acidolysis (e.g., a t-BOC group). Generally, 
'from about 0.005 to 0.1 ml of solution Is used in the 
deblocking step. The deblocking solution produces an 
unprotected a -amino group on the N-terrainal amino acid. 

30 After the deblocking solution is pipetted into the 
reservoir, the reservoir is again aspirated. In the 
preferred embodiment of the present invention, the method 
for aspiration is performed as disclosed above, after a 5 
minute incubation period wherein deblocking takes place. 

35 At this point, the present invention determines 

whether the desired peptide has been achieved. If the 
desired peptide has been achieved, the automated method 
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is torrainated, whereas if the desired peptide has not 
been achieved, the automated method returns to the step 
for adding protected cimino acids to the reservoir and 
repeats the steps illustrated in Figures 2(A) and 2(B) 

5 cyclically until the desired peptide is achieved. 

Although the method has been described with 
respect to a single reservoir, a multiple niamber of 
reservoirs may be utilized simultaneously* 

With respect to the above provided steps, it is 

10 noted that in the instance where one desired to utilize 
an a -amino blocking group such as t-BOC, or any similar 
blocking group, which must be removed by acidolysis with 
an acid such as trif luoroacetic acid, or some other 
similar acid, it then becomes necessary to pipet a 

15 neutralizing solution into the reservoirs after deblock- 
ing. After the acid has been neutralized with an accept- 
able basic substance such as a tertiary amine, the 
reservoir is aspirated. Such neutralizing and aspirating 
steps can be easily incorporated into the automated 

20 synthesis methods herein provided. For example, sequence 
instructions for patterns could be entered so that the 
neutralizing and aspirating steps are perf03nned consecu- 
tively just after deblocking solution is pipeted into the 
reservoirs and then aspirated out of the reservoir (s) 

25 (See Fig. 2(B)). It is noted that in a preferred embodi- 
ment of the present invention, where FMOC groups are 
utilized to block a-amino groups of the amino acids, such 
additional neutralization and aspiration steps are not 
needed inasmuch as acidolysis is not required to remove 

30 FMOC blocking groups. A suitable solvent for removal of 
FMOC blocking groups by amonolysis is as provided above, 
i.e., 20% (v/v) piperidine in N-methyl-2-pyrrolidone. 

It is noted that after the above provided auto- 
mated peptide synthesis method has been completed, and 

35 desired peptides formed, one may advantageously subject 
the peptides to several more treatment (or process) 
steps, which may or may not be automated. For exeonple. 



wo 91/02714 



PCr/L'S90/04725 



- 22 - 

side chain blocking groups may be removed with an appro- 
priate solution. For example, when t-BOC blocking groups 
are used to block side chain amino groups on the amino 
acids, the same can be removed with a solution of 95% 

5 trifluoroacetic acid, 3% anisole, 1% ethanedithiol and 1% 
ethylmethylsulfide, or a similar solution. One may also, 
if desired, cleave the prepared peptides from the sub- 
strate surface, so that the same may be used in a soluble 
form, or so the same can be joined together so that 

10 longer proteins can be formed. Finally, if one so 
desires, the N- terminus.- of the peptide (s) can be modi- 
fied, if desired, after the peptides are formed. Auto- 
mated means for performing any of the above steps should 
be considered enconqpassed herein. 

15 It is additionally envisioned that one using the 

techniques and methods herein employed for synthesizing 
peptides may find certain aspects of the same applicable 
to the automated synthesis of other organic molecxaes and 
macromolecules , such as sugars, or even strands of RNA 

20 and DNA. 

The following Examples are included to more 
fully disclose certain aspects of the present invention 
and to aid those skilled in the art in practicing the 
present invention. The same should not be construed to 
25 limit th? present invention, however, since the present 
invention is only limited by the scope of claims appended 
J^exeto. 

EZAMPLE I 
METHODS 

30 Preparation of chemically activated surfaces 

Costar TPX microtiter plate strip wells or poly- 
propylene tubes in 96-well microtiter plate format were 
oxidized by contact with 70% nitric acid resulting in the 
formation of carboxyl groups oh the surface. The extent 

35 of modification could be altered by adjusting the time, 
temperature or concentration of nitric acid. Reaction 
for two hours at 65 «C, followed by rinsing with water was 
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sufficient for the preparation of chemically activated 
surfaces. Alternatively, polyethylene, polypropylene, 
polyallomer could be used in place of polypropylene in 
place of polypropylene. Convenient fabrication forms for 

5 the Beckman Biomek 1000™ workstation were 96 well micro- 
titer plates, 24 well microti ter plates, and clusters of 
tubes in microtiter format. As shown in Figure 3, the 
Beckman Biomek 1000™ moves in three dimensions. The 
tablet (microtiter plate) 2 moves from left to right and 

10 right to left at the base of the workstation. The bridge 
4 moves up and down the elevator tower 6. A specifically 
designed pod 8, which picks up the pipettes 9, photometry 
and other tools from the tool holders 10, moves forward 
and backward along the bridge 4. While alternative 

15 systems might easily be based on beads, rods, open flex- 
ible tubing, porous filters, etc., the value of using 
microtiter plates or clusters of tubes in a microtiter 
format was the existence of commercially available 
robotic workstations which could be used to automate the 

20 cyclical transfer of reagents in and out of reservoirs in 
a chosen stibstrate. An additional advantage of the 
microtiter plates and tubes was the opportunity to inter- 
act the peptides at the bottom of the well with cell 
surface receptors. 

25 Conversion of surface carboxyl function to amine function 
Surface carboxyl groups were reacted with 0.05M 
carbonyl diimidazole in NMP for 30 minutes at 20®C. 
Excess reagent was removed by aspiration and rinsing with 
methanol. Polyethyleneimine (1% in NMP) is reacted with 

30 the activated surface for 1 hour at 20®C. 

Carboxyl could be suitably activated by many 
reagents such as carbodiimides or active ester inter- 
mediates. However, replacement of polyethyleneimine by 
poly-L-lysine or diaminoheptane or NMP by water resulted 

35 in decreased reactivity. 

Preparation of stock solutions of FMOC-L-amino acids 

0.5M solutions of FMOC-L-amino acids were 
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dissolved in NMP containing O.LM HOBT. These solutions 
were- stable for >3 months when stored at -20**C. 
Dimethylf ormamide or a similar solvent could be sub- 
stituted for NMP. 

5 Preparation of FMOC-L-amino acid-HOBT esters 

Prior to peptide synthesis, the amount of each 
activated amino acid needed (depending of sequence compo- 
sition and number of different peptides specified) was 
determined by computer program as the total nuxnber of 

10 additions to all wells over all cycles (doses). Solu- 
tions of O.lM.dicyclohexanecarbodiimide in NMP were first 
prepared for each amino acid. Next appropriate aliguots 
of (0.5M FMOC-L-amino acid + 0.5M HOBT) in NMP were added 
so that all three reagents were in solution in eguimolar 

15 amounts. The 20 mixtures were then allowed to react for 
30' and then placed in a 24 tube rack in the Biomek work- 
station for use during the subsequent peptide synthesis 
cycles . 

Peptide synthesis cycle 

20 Each cycle began with an aspiration and 1 wash 

with NMP . FMOC ( 9 - f luoroeny 1 -me thoxycarbonyl ) blocking 
groups were removed by reaction with 20% piperidine in 
NMP for 5 minutes, this was followed by 3 washes with 
NMP. Coupling and chain elongation was accomplished 

25 using 0.005M solutions of the FMOC-L-amino acid-HOBT 
esters in NMP for 25 minutes. The total elapsed time for 
each synthesis cycle was 73 .minutes. After completion of 
the synthesis cycles blocking groups were removed with 
95% trifluoroacetic acid containing 3% anisole, 1% 

30 ethanedithiol , 1% ethyl-methyl-sulfide. Under these 
conditions the peptides remained covalently bound to the 
plastic surface. 
Peptide synthesis 

Microti ter plate wells /tuJbes were derivatized 

35 with polyethyleneimine as above. 0.5 ml Solutions of 
acid-labile or base-labile linkers (ALH/ HALH, or ELE) 
were reacted with carbonyldiimidazole - (l.OM each) for 30 
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minutes at 20*'C. The solution was then diluted to 5cc 
with NMP and added to the wells /tubes and reacted for 1 
hour at 20**C- The first amino acid was attached as the 
symmetrical amino acid anhydride after activation with 
5 DCC and addition of dimethylaminopyridine (DMAP). There- 
after, amino acids were attained as above. Completed 
peptides could be released with 95% TFA (ALH), 5% TFA 
(HALH), methanolic ammonia (BLH). 

EXAMPLE II 

10 Attachment of previous synthesized peptides 

Peptides synthesized via traditional preparative 
methods and linked to a support through a hyper-acid 
labile linker (HALH) may be released from their support 
with dilute TFA so that the peptide amino acid side chain 

15 blocking groups remain intact. The terminal carboxyl 
group may be activated via DCC and used directly or used 
to form activated esters (HOBT preferred) in DMF, NMP, 
methylene chloride, or mixtures of these- The activated 
peptide may then be reacted with the solvent resistant 

20 surfaces with functional amine - groups (described £Jx>ve) 
to form a stable covalent bond with the surfaces. Side 
chain blocking groups may then be released as above. 

The present invention is only to be limited by 
the appended claims. 
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WHAT IS CLAIMED IS : 

1. A process for the solid phase chemical syn- 
thesis of peptides, which process comprises the steps of: 

- (a) obtaining a solvent resistant sxib- 

5 strate having one or more reservoirs therein / wherein 
each of said reservoirs opens on a single surface of said 
substrate, and wherein at least a portion of an interior, 
inward facing, surface of each reservoir has been acti- 
vated for the anchoring of a protected carboxyl terminal 

10 £uaino acid thereto; 

(b) anchoring a protected carboxyl term- 
inal amino acid to a site on the previously activated 
portion of the interior, inward facing, surface of at 
least one of said reservoirs; 

15 (c) deprotecting said protected carboxyl 

terminal amino acid at the a-amino position of said eonino 
acid to form an aimine; 

(d) coupling a second protected carboxyl 
terminal amino acid to the amine foirmed in step (c); and 

20 (6) repeating steps (c) and (d) as needed 

to synthesize a desired peptide on thie solvent resistant 
substrate obtained in step (a). 

2. The process of claim 1, wherein said solvent 
resistant substrate is selected from the group consisting 

25 of: a polyolefinic siibstrate, a glass substrate, a 
linear polyoxymethylene resin substrate, or a polymethyl- 
pentene sxzbstrate* 

3. The process of claim 2, wherein said solvent 
resistant substrate is a polyolefinic substrate. 

30 4. The process of claim 1, vrtierein said pro- 

tected carboxyl terminal amino acid is an amino acid, 
having its a-amino group blocked by a protecting group 
selected from the* group consisting of: 9-f luoroenyl- 
methoxycarbonyl , 2- ( 4-biphenylyl ) -propyl ( 2 ) oxycarbonyl , 

35 2-phenylpropyl { 2 ) -oxycarbonyl or t-butoxycarbonyl . 

5. The process of claim 1, wherein said pro- 
tected protecting group is 9-f luoroenyl-methoxycarbohyl. 



wo 91/02714 PCT/US90/04725 

- 27 - 

and said amino acid is deprotected by aiiimonolysis . 

6. The process of cladLm 1, wherein said solvent 
resistant substrate is in a microtiter format. 

7. A stable solution for storing, protected 
5 amino acid intermediates, at a temperature of about at 

most -20**C, which solution comprises: 

(a) a protected carboxyl terminal amino 
acid; and 

{ b ) a weakly acidic compound which can 
10 form an active ester intermediate with 

said amino acid; 
in a solvent in which said amino acid and said weakly 
acidic compound are freely soluble and stable, and which 
possesses hydrogen bond donor and/or acceptor properties. 
15 8. The stable solution of claim 7, wherein said 

weakly acidic compound is hydroxybenzotriazole or penta- 
fluorophenol, and said solvent is N-methyl-2-pyrrolidone 
or dimethylf ormamide . 

9. The solution of claim 7, wherein said weakly 
20 acidic compound is hydroxybenzotriazone, and said solvent 
is N-methyl-2-pyrrolidone. 

10. A process for forming an activated amino 
acid intermediate, for use in the manual or automated 
synthesis of peptides, which. process comprises: 
25 (a) storing for up to more than 3 months 

at a temperature of about at most 
-20®C, a solution which comprises: 
(1) a protected carboxyl terminal 
amino acid; and 

30 (2) a wea]cly acidic compound ^ich 

can form an active ester interme- 
diate with said amino acid; 
in a solvent in which said amino acid and said weakly 
acidic compounds are freely soliible and st£Lble; and which 
35 possesses hydrogen bond donor and/or acceptor properties; 
and 

(b) adding a condensing agent to at least 
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a portion of said solution from (a), 
within about 24 hours of a beginning 
peptide synthesis utilizing said por- 
tion of said solution. 
5 11. The process of clairo 10, wherein said weakly 

acidic compound is hydroxybenzotriazole or pentafluoro- 
phenol; and said solvent is N-methyl-2-pyrrolidone or 
dimethylf ormamide . 

12- The process of claim 10/ wherein said con- 
10 densing agent is a carbodiimide . 

13. A solvent resistant substrate having one or 
more reservoirs therein, wherein each of said reservoirs 
opens on a single surface of said substrate, €uid iirtierein 
at least a portion of an interior, inward facing, surface 

15 of a reservoir therein has been activated for the anchor- 
ing of a protected carboxyl terminal amino acid thereto. 

14. The solvent resistant substrate of claim 13, 
wherein said sxibstrate is selected from the group con- 
sisting of: a polyolefinic substrate, a glass substrate, 

20 a linear polyoxymethylene resin substrate or a poly- 
methylpentene substrate . 

15. The solvent resistant substrate of claim 14, 
wherein said siibstrate is a polyolefinic substrate in a 
microti ter format. 

25 16. The solvent resistant substrate of claim 15, 

wherein said substrate is activated by sequentially 
,xeacting with (1) an acid ciapable of forming carboxyl 
group(s) on said interior surfaces of said reservoirs; 
(2) a carbonyldiimidazole; and (3) a polyamine. 

30 17. A method for automatically preparing a pep- 

tide from a selection of amino acids, comprising the 
steps of: 

(a) inputting information concerning a 
desired peptide to be formed; 
35 ( b ) adding a protected amino acid to a 

reservoir in the form of a solution, the amino acid being 
a part of the desired peptide to. be formed; 
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(c) washing and deblocking the amino acid 
added in said step (b); 

(d) detenaining if the solution in the 
reservoir is the desired peptide to be formed; and 

5 (e) repeating steps (b), (c) and (d) when 

said step (d) determines that the solution in the reser- 
voir is not the desired peptide. 

18. The method as claimed in claim 17, wherein 
said step (b) comprises the steps of: 

10 (f) positioning the reservoir for the 

receipt of the protected amino acid; 

(g) selecting the protected amino acid to 

be added; 

(h) adding the protectd amino acid into 
15 the reservoir by a pipette; and 

(i) changing a tip of the pipette. 

19. The method as claimed in claim 17, v^erein 
said step (c) comprises the steps of: 

(f) positioning the reservoir for aspira- 

20 tion; 

(g) aspirating the reservoir; 

(h) positioning the reservoir for washing 
and deblocking; 

(i) pipetting a washing solution into the 

25 reservoir; 

(j) aspirating the reservoir; 

(k) pipetting a deblocking solution into 
the reservoir; and 

(1) aspirating the reservoir ♦ 
30 20. The method as claimed in claim 17, wherein 

the method automatically produces a multiple number of 
peptides by using a multiple number of reservoirs. 
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